Although the cause of achalasia of the cardia remains obscure, there is convincing evidence that the oesophageal motor disorder results from damage to the oesophageal myenteric plexus with ganglion cell depletion.'2 An intriguing feature of the disease is its localisation to the oesophagus without affecting the rest of the gut. The oesophagus is unique in being the only part of the alimentary tract lined by squamous epithelium and the known predilection of the herpes class of viruses for squamous rather than columnar epithelium is consonant with the oesophageal mucosal involvement reported in varicella,34 herpes simplex,56 and cytomegalovirus infections.78 These viruses are neurotropic and the varicella-zoster virus has been shown to persist in posterior nerve root ganglia9 where it may remain dormant for years until reactivated in herpes zoster. This led us to the hypothesis that the ganglion cell loss in achalasia may be the result of persistent herpes virus infection in the oesophageal myenteric plexus.
This study aimed to test this hypothesis, firstly by examining the serum for antibodies to herpes simplex type 1 virus, varicella-zoster virus, and cytomegalovirus and secondly by in situ hybridisation studies on resected oesophageal tissue using DNA probes to these viruses. 
Methods

Hybridisation ofdot blots
The filter was wetted in 0-2% bovine serum albumin, 0-2% Ficoll, 0-2% polyvinylpyrrolidone (lOx Denhardt's solution) in 0-6M NaCl, 0-06M sodium citrate (4x SSC), and shaken at room temperature for 2 hours. It was then sealed in a polythene bag with 45% formamide, 5 x SSC, I x Denhardt's solution, 0-1% sodium dodecylsulphate (SDS), 1mM EDTA, and 100 ,ug/ml denatured salmon sperm DNA containing probe and was incubated at 42-450C overnight. Probe consisted of about 0-1 [ig/ml biotinylated DNA. The probe and the filter were removed from the bag and the filter was washed successively in 2 x SSC, 0-1% SDS and 0 2xSSC, 0 1% SDS twice each for 5 minutes at room temperature, then in 0-16xSSC, 0-1% SDS twice for 15 minutes at 50°C. Finally filters were rinsed in 2 x SSC. The filter was incubated with a streptavidin-alkaline phosphatase conjugate (using the BluGENE kit from Bethesda Research Laboratories, Paisley).
Colour development was achieved by incubating the filters in a solution of buffer (0 IM Tris-HCl; pH 7-5), 0-1M NaCl, 2mM Mg C12, 3% bovine serum albumin) containing 75 mg/ml of nitro blue tetrazolium in 70% dimethylformamide, and 50 mg/ml of 5-bromo-4-chloro-5 indolyl phosphate in dimethylformamide.
Pretreatment and dehybridisation offresh tissue Cryostat sections were thawed at room temperature and processed according to a standard method" except that they were processed on untreated glass slides, and paraformaldehyde was prepared in Dulbecco A solution. '2 After pretreatment the cryostat sections were immersed in 2xSSC 50% formamide for 10 minutes at room temperature and prehybridised at room temperature with hybridisation buffer not containing probes for 20 minutes.
Pretreatment offixed tissue Sections were dewaxed and were then hydrated by sequential washes of twice for 1 minute in graded ethanol (95%, 80%, 60%, and 30%) followed by a brief wash in distilled water and 1 minute in Dulbecco A solution. The specimens were then processed according to a method modified from'3 that considerably shortened the preparation time. No prehybridisation was necessary for paraffin wax embedded specimens. Before the hybridisation mixture was applied, the slides were dipped briefly into 2 x SSC and the excess liquid was wiped away.
In situ hybridisation procedure Slides were air dried before in situ hybridisation with 15-20 ,ul of probe solution, consisting of biotinylated DNA in 40% formamide 4x SCC, lx Denhardt's solution, 0 2 mg/ml denatured salmon sperm DNA. After pipetting the hybridisation mixture onto the tissue sections, the edges of the siliconised glass coverslips were sealed with rubber solution and allowed to air dry. Simultaneous denaturation of cellular DNA in the tissue sections and probes was achieved by heating the slides at 80-85°C for 10 
Discussion
The three herpes viruses chosen for this study are all recognised as causing oesophageal ulceration but seldom affect the columnar epithelium of the remainder of the gut. Herpes simplex type 1 virus and varicella-zoster virus are known to be neurotropic, and cytomegalovirus infections of the central nervous system have been reportedhence all three seemed possible causes of damage to the oesophageal myenteric plexus. The serum antibody titres to all three viruses were generally low and only in the case of varicella-zoster virus were they significantly greater in patients with achalasia than in the controls. This suggests that these patients have had greater exposure to varicella in the past. In Britain, varicella is prevalent in childhood, yet in only one of 40 control patients was antibody detected that might point to past attacks of greater severity in the patients with achalasia than in the control group. We know of no clinical evidence, however, to support this contention. Our studies did not encompass other viruses but an increased antibody titre against measles virus has been reported from Cardiff. 14 The DNA probes used in this study are highly specific for herpes simplex type 1 virus, varicellazoster virus, and cytomegalovirus respectively and in this context the demonstration of varicella-zoster virus material in the oesophageal wall in three of nine patients with achalasia is clearly significant. It suggests that the virus may persist in the oesophageal wall for many years after an attack of varicella but only in some of those patients who have developed achalasia. Varicella-zoster virus positivity did not correlate with either age or disease duration and unfortunately few subjects could recall if and when they had had varicella.
If varicella-zoster virus is of aetiological importance in achalasia, an explanation must be sought for why only three of nine patients with this disorder were varicella-zoster virus positive. We do not know how much viral DNA is needed to give a positive signal and it could be that the six varicella-zoster virus negative achalasia patients had this material present in amounts too small to be detectable by the method employed. Alternatively, the varicella-zoster virus may have disappeared from these patients and, since we did not obtain myenteric plexus ganglion cell counts, we were unable to correlate varicellazoster virus positivity with severity of myenteric plexus damage. Positivity may be patchily distributed, as has been reported in the trigeminal ganglia,9 and this would result in a sampling error, particularly since the tissue samples removed at the time of cardiomyotomy were relatively small in size. A third possibility is that viruses other than varicella-zoster virus may cause oesophageal myenteric plexus damage, but our findings indicate that herpes simplex type 1 virus and cytomegalovirus are unlikely to be involved.
Varicella-zoster virus is known to be neutrotropic but may lie dormant in the tissues for many years before becoming reactivated as in herpes zoster. Whether this could be the case in the oesophageal myenteric plexus is uncertain but the much more gradual pattern of onset in achalasia indicates slowly progressive rather than explosive neural damage. Serial ganglion cell counts in the myenteric plexus performed over a period oftime have not been reported but clinical observation suggests that the oesophageal motor disturbance is often steadily progressive, implying progressive neural damage.
In summary, both the serum antibody and DNA probe studies point to a relationship between varicella-zoster virus infection and achalasia. Varicella lesions occur in the oesophageal mucosa, which would give the virus ready access to the oesophageal myenteric plexus, but this route would seem more probable if the myenteric plexus elsewhere in the gut were to be shown to be negative for varicella-zoster virus. Our findings suggest further studies should be undertaken to confirm and delineate the extent of varicella-zoster virus involvement of neural tissue in achalasia of the cardia. 
